We report successful anaesthetic management of a foreign body in the airway, which migrated intraoperatively from one bronchus to the other causing life-threatening hypoxaemia.
This case report discusses the management of a six-year-old child who presented with a hard, smooth, round, foreign body obstructing the right main bronchus. Bronchoscopic removal of the foreign body failed. A right thoracotomy was planned for open surgical excision of the foreign body. After anaesthetising the child, a Fogarty catheter was placed in the right main bronchus proximal to the foreign body with fibreoptic confirmation of the position of the inflated balloon. The Fogarty catheter was expected to allow isolated left lung ventilation using a standard endotracheal tube (ETT) in tracheal position and to prevent the foreign body entering the rest of the airway. During the bronchotomy, both the Fogarty catheter and the foreign body were dislodged from the right main bronchus, with the foreign body completely obstructing the left main bronchus while the right main bronchotomy was open to the atmosphere. The inability to ventilate with this scenario was associated with rapid onset of hypoxia. Some ventilation was achieved with surgical digital occlusion of the bronchotomy. More reliable ventilation, still associated with hypoxia, was achieved with ventilation of the right lung with an ETT placed through the bronchotomy. Surgical attempts to remove the foreign body, now in the left main bronchus, via a distal tracheal incision failed. After closure of the airway and right thoracotomy incisions, left thoracotomy, with a fibreoptic bronchoscope in the left main bronchus preventing movement of the foreign body, together with endotracheal ventilation allowed successful removal of the foreign body via a left bronchotomy.
CASE HISTORY
A six-year-old, 15 kg female child was scheduled for right thoracotomy for removal of a foreign body in her right main bronchus under general anaesthesia. The child had a history consistent with having inhaled the foreign body three months previously. The patient had presented with a highgrade fever for about six days, productive cough for one month and intermittent breathlessness without stridor or specific postural dyspnoea for three months. On admission, her pulse rate was 110 /minute, blood pressure 90/60 mmHg and respiratory rate 30 /minute. General physical examination as well as examination of the upper airway was normal. Auscultation of the chest revealed bilateral equal air entry with conducted sounds and occasional wheeze. Chest X-ray showed a radio-opaque foreign body in the right main bronchus. Computed tomography scan of the thorax demonstrated a dense, rounded, oblong foreign body with a long axis measuring ~15 mm within the right main bronchus without lung collapse or consolidation with mild distal air trapping (Figures 1 and 2 ). Haematological and biochemical investigations were within acceptable limits.
Rigid bronchoscopy and removal of the foreign body was attempted under anaesthesia. The foreign body was seen as a whitish mass in the right main bronchus. Attempts to remove the foreign body with biopsy forceps failed. The foreign body was thought to be impacted and a right thoracotomy for bronchotomy and removal of the foreign body was planned for the next day.
After appropriate fasting, continuation of bronchodilators and steroids and cross-matching of one unit of donor blood, the patient was premedicated with intravenous (IV) midazolam (0.5 mg) and glycopyrrolate (0.1 mg). Monitoring included electrocardiography, non-invasive blood pressure, pulse oximetry, capnography and arterial blood gas analysis. Anaesthesia was induced with thiopentone 100 mg and fentanyl 20 µg, and vecuronium 1.5 mg IV was used for muscle relaxation. A rigid bronchoscope (size 4.5 mm) was used to place a Fogarty catheter (6 FG) in the right main bronchus proximal to the foreign body. A 5.5 mm ETT was placed alongside the Fogarty catheter. Successful lung isolation was confirmed by auscultation after inflation of the balloon of the Fogarty catheter. The patient was placed in the left lateral position and correct placement of the Fogarty catheter was confirmed fibreoptically.
The right thoracotomy confirmed successful isolation of the right lung. The right main bronchus was dissected. The foreign body could not be palpated by the surgeon and fluoroscopy was not available to confirm the position of the foreign body. Successful lung isolation was maintained suggesting that the Fogarty catheter was still correctly positioned, although the balloon could also not be palpated by the surgeon. It was suspected that the foreign body had migrated distally in the right main bronchus. Fibreoptic bronchoscopy was not performed to localise the foreign body, as the Fogarty catheter balloon in the right main bronchus would obstruct the view. Thus it was decided to proceed with bronchotomy.
Before the bronchotomy, some change in the lung compliance was felt, but loss of lung isolation was not appreciated. As the bronchotomy was performed, there was a sudden fall in the SpO 2 to 55 to 60%, despite an FiO 2 of 100%. At the same time, some ventilation of the right lung was noted and then air leak from the bronchotomy site. Malposition of the Fogarty catheter was suspected and it was deflated. The foreign body could still not be visualised. In view of the falling SpO 2 , the bronchotomy was digitally occluded by the surgeon, allowing ventilation of the right lung. SpO 2 increased to 70 to 75% but failed to increase further. Auscultation revealed markedly decreased air entry on the left side of the chest. Fibreoptic bronchoscopy done through the ETT showed the foreign body now in the left main bronchus and the dislodged Fogarty catheter. The Fogarty catheter was removed. The SpO 2 of the patient at this stage varied between 50 and 65%. A 4.5 mm ETT was introduced through the right bronchotomy site and connected to a paediatric anaesthesia circuit for selective right lung ventilation. The right lung was then manually ventilated and an EtCO 2 could be maintained. Maintenance of anaesthesia was continued with isoflurane and fentanyl and muscle relaxation with intermittent doses of vecuronium bromide.
Attempts made to remove the foreign body with biopsy forceps passed through a fibreoptic bronchoscope failed. An incision was made in the trachea 1 cm above the carina to gain access to the left bronchus. Various instruments, including artery forceps and right angle forceps, introduced into the left main bronchus via the tracheal incision failed to retrieve the foreign body. A Fogarty catheter passed beyond the foreign body to extract it also failed. Keeping in mind the risk of dislodgement of the ETT in the right bronchus, the patient was turned supine and the ETT in the trachea was replaced with a rigid bronchoscope. One-lung ventilation of the right lung continued via the ETT inserted in the right main bronchus via the bronchotomy. Biopsy forceps introduced to remove the foreign body failed. A 5 mm ID ETT was re-introduced into the trachea from above. During this phase, the SpO 2 remained between 50 and 65%.
In view of the decreased SpO 2 , which was slowly trending lower, the patient was returned to the left lateral position, the bronchial and tracheal incisions were sutured, an inter-costal drain was placed and the right thoracotomy was closed. In view of the ongoing hypoxaemia, further efforts to remove the foreign body were necessary. The patient was turned supine and the foreign body was fibreoptically confirmed to be in the left main bronchus. The patient was then gently turned to the right lateral position and the position of the foreign body was again fibreoptically confirmed to be in the left main bronchus. The tip of the fibreoptic bronchoscope was kept in the left main bronchus, just proximal to the foreign body in order to prevent movement of the foreign body out of the bronchus. A left thoracotomy was performed. Mild pneumomediastinum as well as collapse of the left lower lobe was noted. Once the left main bronchus was visualised, an incision was made proximal to the foreign body. A shiny, bluish foreign body, 1.2×1.2 cm could be seen and was successfully extracted (Figure 3 ). The left bronchotomy was sutured, an intercostal drain placed and left lower lobe ventilation was noted to be successfully restored. This increased SpO 2 to 90 to 95 %.
Intraoperatively, there were two episodes of bradycardia which responded to atropine 0.12 mg IV. Also, there was sudden asystole which responded to internal cardiac massage and a bolus of 100 µg of adrenaline IV. An arterial blood gas revealed metabolic acidosis which was treated with sodium bicarbonate 15 mEq administered slowly IV. At the end of surgery, dexamethasone 2 mg IV was also administered. There was a slight air leak from the left intercostal drain but no subcutaneous emphysema.
In view of the relative hypoxaemia for 70 to 80 minutes and the stormy intraoperative course, the patient was transferred to the intensive care unit for elective ventilation. Ventilatory support was weaned over 24 hours. The patient made an uneventful recovery and was discharged home 15 days later.
DISCuSSION
The presence of an airway foreign body is potentially life-threatening. We report the difficulties in removing a smooth hard spherical object (marble) lodged initially in the right main bronchus in a sixyear-old child. Extraction of this sort of object is complicated by the smooth, hard, curved surface which prevents grasping of the object, especially in the confined space of the bronchus. This contributed to our inability to extract the object bronchoscopically and then exacerbated the situation by making the dislodgement that occurred more likely. The incidence of open thoracotomy for removal of airway foreign body is 1 to 3% 1 . Thoracotomy is indicated if the foreign body is peripherally located, impacted or when other measures fail 1 .
Lung isolation techniques can facilitate thoracic surgery but not all thoracotomies require one-lung ventilation, especially in paediatric patients. Onelung ventilation can be provided in children by use of a range of methods such as selective endobronchial intubation, use of bronchial blockers (including the use of Fogarty or Foley catheters for this purpose), univent tubes and in older, larger children, a doublelumen tube 2 . Selective endobronchial intubation requires a smaller endotracheal tube than that which would be placed in the usual tracheal position. This increases the resistance to breathing and, if misplaced proximally or making an inadequate seal with the bronchus, can be associated with leak of the anaesthesia gases around the tube 2 . For these reasons we chose to use a conventionally placed endotracheal tube and a 6 French Fogarty catheter as a bronchial blocker in an attempt to secure the foreign body during the first thoracotomy.
A Fogarty catheter used as a bronchial blocker can dislodge with coughing, change of position from supine to lateral or during surgical manipulation 3 . Also, the short length of the right main bronchus predisposes to dislodgement or malposition of the Fogarty catheter. Fibreoptic bronchoscopy done after the change of position did not demonstrate any malposition of the Fogarty catheter. When the chest was opened, appropriate lung isolation was noted. Surgical manipulation to locate the foreign body seems to be the most probable cause for dislodgement of the Fogarty catheter. Once the Fogarty catheter was dislodged, the foreign body migrated to the dependent left bronchus. Complete obstruction of the left lung (which was the only lung being ventilated) and inability to re-expand the right lung acutely caused difficulty in maintaining oxygenation as well as ventilation. For foreign bodies which have been in place for a prolonged period, such as in our case, abnormalities that will have developed in the obstructed lung (such as collapse, consolidation or infection) mean that, should oxygenation suddenly become dependent on that lung, it is likely to be inadequate. There is also a significant risk that ventilation of the right upper lobe may not be available via an ETT placed into the right main bronchus via a bronchotomy. This would also compromise oxygenation.
Literature review revealed two reports of marbles as foreign bodies in the right main bronchus. In the first report 4 , a Fogarty catheter was used to extract the marble, which rolled over to obstruct the opposite main stem bronchus. The Fogarty catheter was replaced into the involved bronchus and the foreign body was then expelled into the oral cavity. In the second report 5 , thoracotomy was deliberately planned using a double-lumen tube for lung isolation which would prevent entry of the marble, should it dislodge, to the other side.
Based on our experience we would make the following recommendations for extraction of a rounded, smooth, hard foreign body such as a marble, in a bronchus:
The risk of migration of the foreign body to the 1.
initially uninvolved lung during both bronchoscopy and bronchotomy has to be considered.
The management of the airway should minimise that risk and vigilance for early detection, should it occur, needs to be maintained. If bronchotomy is planned, some form of selective endobronchial intubation and ventilation of the uninvolved lung seems likely to be a reliable way to maintain ventilation and prevent dislodgement of the foreign body into the good lung. Fluoroscopic X-ray control should be available to 2.
reconfirm the position of the foreign body prior to bronchotomy and to localise the position of the foreign body if it can not be found or has been displaced.
It is crucial to prevent the foreign body 3.
entering the other unobstructed bronchus while positioning the patient for thoracotomy. Intraoperative changes of position as well as 4.
surgical manipulations have to be gentle, to minimise the risk of causing failure of whatever technique is being used to minimise the possibility of migration of the foreign body. Manual ventilation may assist early detection of 5.
changes in lung compliance. As with endoscopic attempts at removing a 6.
bronchial foreign body, open bronchotomy for removal of a bronchial foreign body requires excellent communication between the surgeon and the anaesthesiologist. An array of instruments that might allow 7.
extraction of a smooth, hard, curved foreign body should be available (such as Fogarty catheter, dormia baskets, alligator forceps, right-angled forceps, biopsy forceps, ureteral forceps, urologic flexible wire basket-type catheters and perhaps some form of suction device).
